the World Wide Web at:
INTRODUCTION
Reducing the dietary CP level of the diet and supplementing it with limiting crystalline AA can reduce N excretion, which may prevent surface and ground water contamination (Bridges et al., 1995; Carter et al., 1996) . In addition, reducing dietary CP level has been reported to limit the frequency and the severity of digestive problems in piglets (Prohaszka and Baron, 1980; Aherne, 1982, 1987) . The increasing availability of crystalline AA allows reduction of the CP level in piglet diets in association with adequate AA supplementation, which maintains sufficient essential AA supply with little or no decrease in growth performance (Brudevold and Southern, 1994; Jin et al., 1998; Figueroa et al., 2002) .
As long as crystalline Lys, Trp, Thr, and Met are added, performance is not affected when reducing CP levels in a traditional corn-soybean meal-based diet (Russell et al., 1986; Knowles et al., 1998) . When using alternative feed ingredients, additional AA appear to become limiting in low-CP diets. Such is the case with the utilization of spray-dried blood cells, which without supplemental Ile, has growthdepressing effects (Kerr et al., 2004) . In addition, in a barley-wheat-soy protein concentrate-based diet, Val was shown to be the first limiting AA for growth rate in young pigs after Lys, Met, and Thr (Theil et al., 2004) . Therefore, when alternative ingredients are used in a corn-soybean meal diet, the order of AA limitation in a low-CP piglet diet is uncertain.
The objective of the present experiment was to study the effects on growth performance and N balance of weaned piglets due to the supplementation of crystal- 
MATERIALS AND METHODS
All animal procedures followed the Portuguese Guidelines for the Protection of Animals Used in Experimental Research and Other Scientific Purposes.
Animals and Diets
Sixty individually caged 4-wk-old Landrace × Duroc male piglets, with a mean initial BW of 6.92 ± 0.61 kg, were allotted into 5 dietary treatments (Table 1) , each consisting of 12 piglets. Each piglet represented an experimental unit. The piglets were randomly assigned to the experimental diets based on average BW at weaning in a complete block design. The piglets were individually housed in cages (1.0 × 0.8 m) with a singlehole feeder and 1 nipple drinker and were allowed free access to water and feed. Cages were equipped with perforated stainless steel trays underneath for feces and urine collection. The feed was provided as pellets, 3 mm in diameter. Temperature at the animal level was 28°C initially and was reduced by 1°C each week thereafter.
Starter diets were corn, wheat, and soybean mealbased and formulated to differ in CP and AA quantities (Table 1 ). All diets were fortified with Lys, Met, Thr, and Trp to provide recommended levels according to the 1998 NRC (Table 1) . Diet 1 was the positive control and contained 20% CP. In diets 2 to 5 the CP level was reduced to 17%. Diet 2 was not supplemented with crystalline Ile or Val (negative control); diet 3 was supplemented with 0.13% Ile, diet 4 was supplemented with 0.15% Val; and diet 5 was supplemented with both 0.13% Ile and 0.15% Val (Table 1) . Isoleucine and Val were supplemented to meet the NRC (1998) recommendations of these AA of pigs between 5 and 20 kg as presented in Table 1 .
Piglets were allowed to adapt to the cages for a period of 4 d after which the experimental diets were fed 1 Provided per kilogram of diet: vitamin A, 15,000 IU; vitamin D 3 , 2,000 IU; vitamin E, 20 IU; vitamin C, 200 mg; thiamin, 1.5 mg; riboflavin, 5 mg; niacin, 30 mg; pantothenic acid, 15 mg; pyridoxine, 2.5 mg; biotin, 0.08 mg; folic acid, 0.5 mg; cyanocobalamin, 0.03 mg; vitamin K 3 , 1 mg; choline chloride, 300 mg; I, 1 mg as potassium iodate; Mn, 50 mg as manganese oxide; Fe, 120 mg as ferrous carbonate; Zn, 140 mg as zinc oxide; Cu, 160 mg as copper sulfate; Se, 0.3 mg as sodium selenite; Co, 0.5 mg as cobalt carbonate; antioxidant (butylated hydroxytoluene), 30 mg.
2 Both GE and ME were calculated according to INRA (2002) . All other values represent analyzed values.
for 4 consecutive wk. During the experimental period, BW was monitored at the beginning and at the end of each week. Individual feed intake and mortality were monitored daily. Feed refusals were collected daily, frozen, and pooled by wk for determination of the DM. Although pigs were fed twice daily, the amount of feed offered was enough to ensure there was approximately 10% of feed refusals each day. Feces and urine were individually collected from each pig on the first and last week of the experimental period for determination of N balance. Feces were collected twice daily, and urine was continuously collected directly to a container which contained 50 mL of sulphuric acid (5% vol) solution to prevent N loss and then frozen daily at −20°C.
The consistency of feces of each individual pig was recorded daily during the entire experimental period and was characterized by using the fecal consistency score described by Marquardt et al. (1999) . The feces were scored as normal = 0, soft = 1, mild diarrhea = 2, and severe diarrhea = 3.
Chemical Analyses
At the end of each collection period, representative sample of feces and urine were individually prepared. Samples of feces were freeze-dried and ground by a hammermill through a 1-mm mesh screen. Similarly, samples of each diet were ground through a 1-mm screen. Fecal samples and feed refusals were analyzed for DM and N, whereas urine samples were analyzed for N only. All diets were analyzed for DM, N, energy, and AA.
Dry matter was calculated after oven-drying at 105°C for 24 h and GE was measured with a isoperibol calorimeter (Parr 1261, Moline, IL). Nitrogen analysis was performed using the Kjeldahl method. All AA analyses were performed by Ajinomoto Eurolysine (Amiens, France), using AFNOR method (standard NF EN ISO 13903), except for Trp, which was analyzed using AF-NOR method (standard NF EN ISO 13904).
Statistical Analyses
Animal performance, digestibility, and nitrogen balance data were analyzed by ANOVA, according to a randomized complete block design (block and dietary treatment were considered class variables). When the F-value in the ANOVA was significant, the means were compared by a Duncan's multiple range test. All statistical procedures were conducted using the GLM procedures (SAS Inst. Inc., Cary, NC), and differences were considered significant when P-values were less than 0.05.
RESULTS
The supplementation of diets 3 and 5 with 0.13% crystalline Ile increased the Ile:Lys to a value greater than 0.6 and close to the positive control, whereas supplementation of diets 4 and 5 with 0.15% Val allowed the Val:Lys to be similar to the positive control diet (Table 1) .
The addition of either Val alone, or Ile and Val, to the low-CP diet increased (P < 0.01) feed intake in comparison to pigs fed the negative control or the addition of Ile alone (Table 2 ). In addition, ADG was similar to the positive control when piglets were fed diets supplemented with either Val or Ile and Val (Table 2) . Average daily gain of piglets fed Ile-supplemented diets was similar to piglets fed the negative control (Table  2) . Gain:feed was not different among treatments (Table 2).
For all experimental weeks, cumulative BW gain was similar among piglets fed the positive control diet and piglets fed a diet containing crystalline Val, or Ile and Val (Table 2 ). Pigs consuming the negative control diet, and the diet supplemented with Ile alone, had decreased (P < 0.05) cumulative BW gains than pigs fed the positive control diet (Table 2) .
For each week, the fecal score was greater (P < 0.01) in piglets fed the 20% CP level than the other dietary treatments, with the exception of piglets fed Val alone, or in combination with Ile in wk 1 and of piglets fed Val alone in wk 3 ( Table 2 ), indicating that the type of diet that the piglets were fed affected fecal consistency.
In the N balance portion of the experiment, there was a decrease in N intake when piglets were fed the low-CP diets during wk 1 and 4 (Table 3 ). This decrease was more noticeable when piglets were fed the negative control or the diet supplemented with Ile alone. Nitrogen excretion in the feces decreased (P < 0.05) in piglets fed diets with low-CP levels in wk 1 and 4, with the exception of piglets fed a Val-supplemented diet in wk 4. Urine N excretion was not affected by diet in wk 1 but was decreased in pigs fed all the low CP diets, regardless of AA supplementation, in wk 4 (Table  3 ). The N retained by the piglets as a percentage of N absorbed, or as a percentage of N consumed, was not different among treatments at either measured time period (Table 3) .
DISCUSSION
All diets in the present experiment were supplemented with Lys, Met, Thr, and Trp to meet or exceed the required levels of these AA (NRC, 1998) and provide similar total concentrations as those in the 20% CP diet.
When Val was supplemented to the low-CP, cornwheat-soybean meal diet, feed intake and growth rate improved in comparison to an unsupplemented control diet, but feed efficiency was unaffected. As a result pig performance was not different compared with pigs consuming the 20% CP diet. These results are similar to a previous experiment in which nursery pigs fed a low-CP corn-soybean meal-whey diet showed positive responses to Val supplementation (Mavromichalis et al., 1998) . Our results for Val supplementation of a corn-wheat-soybean meal starter pig diet are also consistent with previous experiments with growing pigs (Russell et al., 1987 , Figueroa et al., 2003 . In those studies, the addition of Val to a low-CP, corn-soybean meal-based diet with supplemental Lys, Trp, Thr, and in some cases Met, increased feed intake and daily gain but did not improve feed efficiency in growing pigs.
In contrast, Brudevold and Southern (1994) reported that the addition of Val by itself to a low-CP, sorghumsoybean meal-based diet supplemented with Lys, Thr, and Glu did not result in improved pig performance, and the addition of Ile, His, and Trp were necessary for growth to be similar to piglets fed the positive control diet. Nevertheless, it is important to note that Brude- a-c Within a row, means without a common superscript letter differ (P < 0.05).
vold and Southern (1994) utilized experimental diets with CP levels as low as 12%, almost 10 percentage units less than the positive control diet, which may have contributed to the lack of response observed for Val supplementation alone. For Ile supplementation, our results suggest that the addition of this AA alone to a corn-wheat-soybean meal low-CP piglet diet will not improve feed intake or growth rate. Isoleucine has also been shown to be less limiting than Val in a reduced CP corn-soybean meal-whey diet for young pigs (Mavromichalis et al., 1998) . In growing pigs it was also demonstrated that the supplementation of Ile alone in a low-CP, cornsoybean meal diet did not contribute to improved pig performance (Russell et al., 1987) . However, the combination of Ile and Val to the low-CP diet in the present experiment resulted in increased growth rate but similar feed efficiency in comparison to that of pigs consuming the negative control. This differed from earlier experiments that reported an increase in growth rate and feed efficiency when Ile and Val were supplemented in combination to growing pig diets (Russell et al. 1987 ).
In the current work, fecal score was greater in animals fed the high-CP diet compared with the remaining treatments. This was not surprising because diets for early weaned pigs usually contain increased quantities of protein, which may promote proliferation of pathogenic bacteria in the gastrointestinal tract, leading to postweaning diarrhea (Prohaszka and Baron, 1980; Ball and Aherne, 1987; Le Bellego and Noblet, 2002) . This is a potential problem under commercial conditions due to poorer sanitary and housing conditions compared with most swine research facilities.
Reducing the CP content in the AA-supplemented diets reduced total N intake and thus, decreased N excretion on a grams per day basis. The total N excretion after feeding the low-CP diet supplemented with Ile and Val for wk 1 was reduced by 26% compared with the high-CP diet, and after wk 4 this difference was 29% reduced. When only Val was added to the diet, the wk 4 total N excretion was 35% less than the positive control. These data show that with the aid of crystalline AA, a 10% reduction in total N excretion is possible for every 1% reduction in CP content of the diet. Very similar decrease has been shown by other investigators who have measured reductions in total N excretion of low-CP diets with crystalline AA Le Bellego and Noblet, 2002; Shriver et al., 2003) . It is important to note that N intake and N excretion were significantly reduced in piglets fed the low-CP diets supplemented with Val alone, or in combination with Ile. However, N retention as a percentage of N intake was not affected, indicating that the capability of retaining N by the animals was not altered with the diet used.
The results demonstrate that the inclusion of Val alone, or in combination with Ile, in a low-CP cornwheat-soybean meal-based starter diet leads to growth performance responses similar to those obtained when feeding a high-CP diet. However, animals fed the diet to which only Val was included excreted less total N and had less soft feces compared with pigs fed diets supplemented with both Val and Ile. Therefore, this research indicates that piglets can optimally perform on low-CP corn-wheat-soybean meal diet, supplemented with Lys, Trp, Thr, Met, and Val, but not Ile.
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